Abstract. This A new path planning algorithm of agro-machinery based on the virtual ridges is proposed in this paper. A virtual ridge is determined by the width of a real ridge and the operating width of the agro-machinery to make the agro-machinery operate effectively. First, the algorithm divides a rectangular plot into some basic units, and makes a complete and exclusive path plan in the basic unit. Then, the path planning algorithm in the basic unit is extended to the entire rectangular plot. The algorithm is proved to be effective in path planning and convenient for the agro-machinery headland turning.
Introduction
Along with the development of computer science and satellite positioning technology, precision agriculture is developing rapidly [1] [2] [3] . And the autonomous navigation technology of the agriculture machinery is an important point of the precision agriculture [4] [5] [6] .The path planning is an important content of the autonomous navigation technology. There are a lot of papers on path planning, but papers on the path planning of the agro-machinery is quite rare [7] [8] [9] [10] . This paper presents an optical path planning algorithm for the agro-machinery operating in fields.
The section II introduces the concept of the virtual ridge, and proposes a method to divide a rectangular plot into a lot of units. The section III proposes a path planning algorithm based on the basic path planning unit, which is effective in the path planning of agro-machinery. The section IV extends the algorithm into the entire rectangular plot, and gives an example to show how it works.
Path Planning and Virtual Ridge
Path planning is to make a plan to guide an agro-machinery running in fields most effectively. To make a good planning path, an algorithm is presented in this paper based on the virtual ridge, which is proposed to be the width of an agro-machinery covers in one path while operating in fields.
The width of a virtual ridge is determined to make the agro-machinery operating most effectively in fields, with the least overlap and no gap between two adjacent paths. It is mainly determined by the operating width of agro-machinery, and also has some relation to the width of a real ridge.
Here, we proposes the width of a virtual ridge w to be calculated by formula (1),
Where f is the operating width of an agro-machinery, and W is the width of a real ridge, as shown in Figure 1 . Operating width and virtual ridge Then a rectangular plot is divided into virtual ridges which are parallel and equidistant from each other, and the agro-machinery could run along the virtual ridges one by one. But in some cases, it is difficult for the agro-machinery to turn around at the headland because of its large turning radius.
One method is to drive the agro-machinery forward and backward repeatedly. Obviously, it is inconvenient for the operator to drive the agro-machinery in this way. And it is bad for the field, too. Another method is to drive the agro-machinery along a major arc. It is not a good method, as its operating efficiency is low and there is no enough room to do so in most of the cases.
Here we propose a path planning algorithm that makes the headland turning easy and effective. To meet the requirement of turning radius, the agro-machinery should run along a semicircle or a minor arc from virtual ridge 1 to virtual ridge n, as shown in Figure 2 . Obviously, the virtual ridge width w and the turning radius r have the following relation:
Generally we can set n as:
Turning along a semicircle
Then we can obtain that the adjacent operating ridges should have the following relation:
( )
Where l(i) is the operating ridge i for the agro-machinery.
Path Planning Algorithm on the Basic Unit Plot
We first make a path planning on a so called basic unit plot. If a path plan can cover all the virtual ridges in the unit plot, it is complete. On the other hand, if a path plan covers all the virtual ridges with no repetition, we call it exclusive. So the best path plan is the one with completeness and exclusiveness.
The basic unit plot includes T continuous virtual ridges. Here we set T as:
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We make the best path plan by setting the order in which the agro-machinery runs as follows:
Formula(5)can be described as follows.
( ) ( 2, 4, 6 ..., 2 2) 2 1 ( ) 1
( 1,3,5 ..., 2 1) 2
Then we can get:
From formula (7), it is easy to find that the path planning algorithm is complete and exclusive.
( ) ( )
From formula (8), it is also easy to conclude that the algorithm meets the requirement of the turning radius of agro-machinery.
In order to illustrate the algorithm, an example is given here. Suppose n=3 and T=5, then the result can be got by equation (5):
The path plan is shown as figure 3 . 
Path Planning Algorithm on a Rectangular Plot
To make the path plan on a rectangular plot, we divide it into N unit plots, and then the algorithm presented in the last section is used on each unit plot.
Where W R is the width of the rectangular plot. But there is a problem to be solved first. When the agro-machinery finishes a unit plot, which virtual ridge it run into next? Obviously, it should run into the first virtual ridge of the next unit plot.
If we extend the formula (6) beyond T, we can get:
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That is the first virtual ridge in the next unit plot. That means the agro-machinery can run into the first virtual ridge of the next unit plot naturally after it finished the first unit plot.
Generally we have: The algorithm is illustrated in Figure 4 . We give an example based LOVOL GUSHEN combine here. The turning radius and operating width of this combine are 5m and 4.8±0.2m respectively. Supposing there is a rectangular wheat field with width of 390m and the width of a real ridge is 0.18m.The planning path is shown in Figure 5 . Figure 5 .
The planning path of entire rectangular plot
Conclusion
In this paper, a new path planning algorithm based on the virtual ridge is proposed. This algorithm is effective in path planning and convenient for the control of headland turning. The extra cost of this algorithm is low, and it relates only to the rectangular plot. Therefore, the future research will focus on extending it to the other pumice plot.
